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http://dx.doi.org/10.1016/j.pedneo.2Background: Although ultrasound is often the preferred pediatric imaging modality for the
evaluation of intussusception in children, many institutions lack access to ultrasound at night.
This study characterized the day- and nighttime use of radiographic imaging for evaluation of
intussusception.
Methods: The charts of pediatric patients evaluated for intussusception between January 2010
and December 2010 were reviewed retrospectively to evaluate the day- and nighttime use of
radiographic imaging. Patients were stratified into day and night groups according to when the
imaging studies were performed, and differences in the clinical characteristics, imaging stu-
dies, cost, and final diagnosis were compared.
Results: Pediatric consultations were performed for 86 suspected intussusceptions: 40 (46.5%)
during the day [38 (95%) ultrasounds and 33 (82.5%) plain abdominal X-rays] and 46 at night [3
(6.5%) computed tomography and 39 (84.7%) plain abdominal X-rays]. The rate of positive en-
emas was significantly higher during the day than at night (97.5% vs. 52.2%, p < 0.001). The
radiation dose during the initial survey was significantly lower during the day than at night
(0.63  0.48 vs. 2.06  1.48 mSv, p < 0.001).
Conclusion: Radiographic imaging at night results in higher radiation exposure and negative
enema findings. Twenty-four-hour ultrasound availability would decrease the radiation expo-
sure and unnecessary enemas for intussusceptions suspected clinically.
Copyright ª 2013, Taiwan Pediatric Association. Published by Elsevier Taiwan LLC. All rights
reserved.Taipei Pediatrics, Chang Gung Memorial Hospital, 199, Duenhua N. Road, Sungshan Chiu, Taipei,
(D.-C. Yan).
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236 Y.-J. Chang et al1. Introduction True-positive examinations were those that were inter-Intussusception is the most common cause of intestinal
obstruction in young children, and it remains a significant
cause of morbidity.1 The clinical presentation of children
with intussusception is variable and often nonspecific,
making the diagnosis difficult.1,2 Appropriate imaging is
often required to make a diagnosis. Recently, abdominal
ultrasound (US) has been proposed as the initial diagnostic
modality, because of its high accuracy in the workup of
children with intussusceptions.3 However, a US performed
by experts is not available around the clock at some in-
stitutions. At our institution, access to routine US for
evaluation of intussusceptions is limited at night and during
holidays. To our knowledge, no article has examined
24-hour US in the evaluation of pediatric intussusception.
Therefore, we examined the presence and magnitude of
the difference in the use of routine US and other radio-
graphic imaging for working up intussusception in children
between day and night. Understanding the magnitude of
this difference might facilitate the determination of the
best allocation of resources for evaluation of intussuscep-
tion in children.
2. Methods
This retrospective study examined children 0e18 years of
age for whom a diagnostic or therapeutic air enema was
requested owing to a suspected diagnosis of intussusception
between January 2010 and December 2010 at a pediatric
tertiary care center. The study was approved by the Chang
Gung Memorial Hospital institutional review board. The
database of enrolled patients was obtained from the hos-
pital Radiology Department. All enrolled patients under-
went air enema examinations, the gold standard for
diagnosis of intussusceptions in our study. A referral for an
air enema was determined by attending physicians based on
initial radiological imaging or a clinical suspicion. The
children referred for diagnostic air enemas without US or
computed tomography (CT) examinations had symptoms or
signs of intussusception, including abdominal pain, irrita-
bility, vomiting, and bloody stool. The clinical records and
radiological reports were reviewed for each case, and the
examinations were classified as true positive, false posi-
tive, or false negative. Intussusception was defined as the
visualization of intussusception on air enema or at surgery.Table 1 The clinical presentations and imaging choices.
Daytime (n Z 40)
Irritable or abdominal pain 39/40 (97.5%)
Vomiting 23/40 (57.5%)
Bloody stool 4/40 (10%)
Diarrhea 8/40 (20%)
Fever 4/40 (10%)
Abdominal films 33/40 (82.5%)
US 38/40 (95%)
CT 0
CT Z computed tomography; US Z ultrasound.preted as positive for intussusception, with the diagnosis
confirmed by enema or surgery. False-positive examinations
were those positive for intussusceptions, followed by
a negative enema. False-negative examinations were those
interpreted as negative for intussusception, followed by
a positive enema. The patients were further stratified ac-
cording to whether the imaging study was performed during
the day or night, with day defined as the period when US
technologists were routinely available (8:30 AM to 4:30 PM,
Monday to Friday). Plain abdominal X-rays were categorized
as positive or negative based on the final radiology report.
Plain abdominal X-rays were coded as positive if the final
report indicated a small bowel obstruction, soft tissue mass
or crescent sign, or abnormal gas pattern. The radiation
dose of the image examination was calculated by the
Radiology Department. The cost of the radiology evaluation
included the total charges for air enemas, US, plain
abdominal X-rays, and CT performed for each child.
Differences in the clinical characteristics, imaging
studies, cost, and final diagnosis were compared between
the day and night groups. Statistical analysis was performed
using the SPSS, version 17.0. We used Fisher’s exact test to
compare categorical variables and the ManneWhitney U
test for continuous variables. A p < 0.05 was considered to
indicate statistical significance.3. Results
During the study period, 86 pediatric consults were per-
formed for suspected intussusception. The median patient
age was 2 years. Fifty-six (65.1%) patients were male. Air
enemas were attempted in all children, and 63 (73.3%) of
the patients were diagnosed with intussusceptions. Thir-
teen patients required surgery after air reduction (12 after
failure of air reduction and one with a bowel perforation
related to air reduction). All 13 cases showed operative
findings of intussusception. Of the 63 confirmed in-
tussusceptions, 57 were ileocolic, two were ileocolocolic,
two were ileoileocolic, one was ileoileal, and one was
jejunojejunal. Forty of the 86 (46.5%) consults were per-
formed during the day. The patients seen during the day
and night were similar in age and gender (2.16  1.20 vs.
2.14  1.51 years, respectively; p Z 0.949; 70% vs. 60.8%
male, respectively, p Z 0.376). The clinical presentations
and imaging choices are shown in Table 1. There were noNighttime (n Z 46) p
44/46 (95.7%) 0.553
23/46 (50%) 0.487
12/46 (26.1%) 0.056
12/46 (26.1%) 0.505
11/46 (23.9%) 0.090
39/46 (84.7%) 0.775
0 <0.001
3/46 (6.5%) 0.245
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clinical symptoms. In terms of the abdominal imaging
assessment, 86 patients had air enemas (including 40 re-
ductions for positive, 38 US, and 2 CT), 72 had plain
abdominal X-rays, 38 had US, and three underwent CT. The
time of day was associated with a difference in the type of
radiographic imaging used. During the day, 38 (95%) pa-
tients underwent US and 33 (82.5%) had plain abdominal
X-rays. At night, three (6.5%) CT and 39 (84.7%) plain
abdominal X-rays were performed.
Of the plain abdominal X-rays, 12 had soft tissue masses
or crescent signs and 26 had a nonspecific abnormal gas
pattern. The sensitivity and specificity of the plain
abdominal X-rays were 61.8% and 76.4%, respectively. The
sensitivity of plain abdominal X-rays in the detection of
intussusceptions did not differ between day and night
(53.1% vs. 73.9 %, p Z 0.118). Of the three CT examina-
tions, one was interpreted as negative for intussusception;
the sensitivity of CT was 66.7%. Of the 38 US examinations,
37 were true positive, and one was false positive. Based on
clinical suspicion, 23 were true positive and 22 were false
positive. The positive predictive value of US examinations
and physician clinical suspicion differed significantly (97.4%
vs. 51.1%, p < 0.001). The difference between the day- and
nighttime uses of routine US and other radiographic imaging
to workup intussusceptions in children is shown in Table 2.
Of the 86 air enema examinations, 39 of 40 (97.5%) during
the day and 24 of 46 (52.2%) at night confirmed in-
tussusceptions. Significantly more enemas were positive
during the day than at night (97.5% vs. 52.2%, p < 0.001).
The average cost of a radiology evaluation was $3928 during
the day versus $3581 at night (p Z 0.190). The daytime
radiation dose was significantly lower than that at night
(0.63  0.48 vs. 2.06  1.48 mSv, p < 0.001).4. Discussion
Most physicians initially ordered plain abdominal X-rays to
diagnosis intussusceptions. Approximately 72.5% of physi-
cians routinely requested plain abdominal X-rays in cases of
suspected intussusceptions.3 The diagnostic reliability of
a plain abdominal X-ray is controversial.4,5 Our data dem-
onstrated that plain abdominal X-rays do not have a high
sensitivity for detecting intussusceptions based on the
radiology reports, which concurs with the literature.6,7
Typically, a radiologist’s interpretation is not availableTable 2 The difference between day- and nighttime
periods of radiographic imaging.
Daytime Night-time p
Positive rate
of enema
97.6% 52.2% <0.001
Cost of radiology
evaluation (NTD)
3928  227 3581  1752 0.190
Exposed radiation
dose of image
examination (mSv)
0.63  0.48 2.06  1.48 <0.001
mSv Z millisieverts; NTD Z New Taiwan dollars.during the clinical decision-making process. Plain abdomi-
nal X-rays also tend to have low sensitivity and specificity
for intussusceptions when interpreted by pediatric emer-
gency physicians when the radiologist’s report is not
available.8 Our study is consistent with a previous report, in
which most of the patients at high risk of intussusception,
based on clinical grounds, would have undergone a US ex-
amination regardless of the abdominal findings.8 One re-
view concluded that the “plain abdominal X-ray adds little
to the management of patients with suspected
intussusceptions.”9
In our study, significantly more enemas were positive
during the day than at night. This might have occurred
because US was ordered as a screening tool during the day.
In our patients, the positive predictive value of US for
diagnosis of intussusception was 97.3%. Published US stud-
ies from single institutions suggest that the accuracy ap-
proaches 100% in experienced hands, with a sensitivity of
98e100% and a specificity of 88e100%.10,11 Some physicians
in our study ordered CT at night. Although CT can demon-
strate intussusception, it is not usually indicated because
a reliable diagnosis is made by either US or enema. CT is
recommended in older children and adults for both diag-
nosis and assessment of the underlying cause and lead
point.12,13 At night, all of the children in our series were
under the care of attending pediatricians, and they had
a lower rate of positive enemas. Previous investigations
evaluated the likelihood of intussusception based on the
history and physical examination.14e16 The diagnosis can be
difficult because of the nonspecific presentation of intus-
susception in children.2 The risks of complications and
mortality with a missed diagnosis might prompt clinicians to
order an enema as a screening tool at night when US is not
available.
In our study, if US were accessible at night, a radiology
consultation would not have been required in about half of
the suspected intussusception cases. An initial US followed
by an enema might be the most effective strategy for the
evaluation of pediatric intussusception.17 US screening can
increase the yield of diagnostic enemas and reduce un-
necessary radiation exposure in children with negative US
examinations.18 The cancellation of an enema also elimi-
nates an unpleasant experience in a young child, with all
the attendant anxiety and concern.12 At night, some phy-
sicians ordered CT or air enemas as the initial investigation.
A previous study revealed that the cost of US followed by
a contrast enema study is greater than that of a contrast
enema alone.17 The healthcare costs will obviously be
greater for patients charged for two separate imaging
studies.19 In our hospital, the US fee is approximately one-
third that of an air enema and one-eighth of CT. This might
explain why the cost of imaging studies in our series did not
differ significantly between day and night. The radiation
dose of the initial radiographic survey was significantly
lower during the day than at night. The radiation exposure
from a fluoroscopically guided air contrast enema or CT
might carry a future risk of radiation-induced malignancy.20
In conclusion, we report differences in the radiographic
imaging choices for the workup of pediatric intussusception
between during the day and at night. Thus, extending the
hours of US availability might decrease radiation exposure
and prevent unnecessary enemas.
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